Introduction
Clhloroplasts are known to change their volume in vitro by 3 mechanisms. Light and osmotic pressure appear to be the most significant factors for controlling chloroplast volume. The simplest tvpe of volume change shown by isolated chloroplasts has been described by Nishida (8) , who (14) . These utes the chlorophyll-containing particles in the supernatant fluid have been sedimented (17) . The action of 100 jM MMDSA3 was to cause a 25 % diminution of pellet volume in the light and an inflation of chloroplast volume in the dark (fig 1) . The overall action of this compound is to diminish the difference in volume between light and dark.
Using packed volume measurements as the test system, MMDSA and other alkenylsuccinic acid derivatives (DSA and DDSA), and PMA were studied. Figure 2 shows the effect of a wide concentration range of MMDSA and PMA on chloroplast volume; between 1 to 10 /FM these compounds do not affect chloroplast volume in light or dark. As the concentration is raised, they bring about a large decrease of packed volume in the light. Furthermore, PMA has no effect in the dark, whereas the MMDSA elicits a marked swelling. Complete inhibition of light-induced swelling is obtained by 1 mM MMDSA. These experiments show that PMA and MMDSA interfere with the light process that causes swelling. MMDSA has an additional action by causing swelling in the dark. From the different character of alkenylsuccinic acids, whose action is to increase permeability of cell membranes (6, 22) and of PMA, which has frequently been employed as a relatively specific inhibitor of sulfhydryl groups, it was predicted that if thiols are involved in light-induced swelling, the inhibitory effect of PMA might be reversed by adding back thiols. In fact, cysteine (at a conc of 1 mM )completely reversed the inhibition of light-induced swelling caused by PMA, but did not change the inhibition caused by alkenylsuccinic acids.
Low-Amplitsude Volume Changes. 
Summary
Light (electron flow) and energy-dependent mechanisms that control the movement of water and ions in spinach chloroplasts are known. Since these processes may be involved in stomatal control, the action of certain substances that cause their closure in plants was examined on spinach chloroplasts in vitro.
Phenylmercuric acetate and 3 alkenylsuccinic acids inhibit light-induced chloroplast swelling, which occurs by an energy-independent mechanism. Light-induced shrinkage of chloroplasts, an energydependent mechanism, is also inhibited by the alkenylsuccinic acids, but phenylmercuric acetate exerts a remarkable stimulation of the light effect.
An examination of the action of these substances on electron flow (NADP reduction) and photophosphorylation revealed that these reactions are inhibited by all substances.
An explanation for the mechanism of stomatal control based upon the regulation of chloroplast volume by light-and energy-dependent processes is proposed.
